Polarimetric data from the Parkes radio telescope at frequencies of 1.4, 2.4 and 4.8 GHz reveal the presence of a large 'plume' of polarized emission to the north of the Galactic Centre (GC). This plume extends at least 15Њ in Galactic longitude, centred near l ¼ ¹3Њ, and probably covers 15Њ or more in latitude (a linear extent of Ϸ2 kpc, assuming a distance to the GC of 8.5 kpc). Large rotation measures (RMs) and depolarizations are observed over the plume. Higher resolution observations at a frequency of 1.4 GHz with the Very Large Array (VLA) show this patchy polarized emission to extend to angular scales of several arcmin. The lack of correlation between polarized-intensity and total-intensity images (for both VLA and Parkes data) indicates that the polarization detected is the result of Faraday rotation, on small angular scales, of a uniform, polarized background.
I N T R O D U C T I O N
The Galactic Centre (GC) region is one of the most mysterious in our Galaxy. Because the GC provides astronomers with a nearby example of a galactic nucleus, the physical processes occurring in and near this region are of great interest. As such, the GC has been the subject of many investigations, in attempts to better understand its nature (see Morris & Serabyn 1996 , and references therein).
Radio studies have examined regions surrounding the GC up to several degrees in angular extent, with resolutions ranging from tens of arcmin to sub-arcsec. Such work has uncovered a number of intriguing and complex structures, over a wide range of angular sizes (e.g. Yusef-Zadeh & Morris 1987; Haynes et al. 1992) . Nevertheless, the nature of the physical processes giving rise to these features, as well as the exact interpretation of the structures and the relationships between them, remains uncertain.
With the availability of large synthesis telescopes and Very Long-Baseline Interferometry (VLBI) facilities, the GC can now be investigated with very high angular resolution. These increases in resolution, however, are usually at the expense of angular extent, and such images generally cover areas less than 30 arcmin across. Furthermore, as mentioned by Haynes et al. (1992) , the recent focus on high-resolution imaging has resulted in a tendency to overlook large-scale emission and structure. For a number of years, Australian and German radio astronomers have been working together to investigate the large-scale emission in the vicinity of the GC, by making sensitive, polarimetric images of the region over a range of frequencies (Haynes et al. 1992) .
In this paper, we report results obtained with both the 64-m Parkes radio telescope, at frequencies of 1.4, 2.4 and 4.8 GHz, and the Very Large Array (VLA) radio telescope at a frequency of
T H E PA R K E S W O R K

Observations and data reduction
Equipment and observations
All observations described in this Section were made using the 64-m diameter Parkes radio telescope and the RP/Bonn polarimeter, operating at centre frequencies of 1.40, 2.42 and 4.85 GHz (see Table 1 for more information). The details of both the equipment setup and observing technique were essentially the same as those of the recent Parkes 2.4-GHz survey, and are described in detail by Duncan et al. (1995 Duncan et al. ( , 1997b .
Briefly, observations were made by scanning the telescope across a regularly spaced coordinate grid, to build up a series of scans covering the region of interest. This procedure was then repeated, scanning the telescope in the orthogonal direction. The separations between adjacent scans were maintained between 2.1 and 2.4 points per beamwidth (above the Nyquist rate; e.g. Bracewell & Roberts 1954) . Further details on scanning directions, drive rates and scan separations can be found in Table 1 . Stokes I, Q and U data were recorded.
The source 1934-638 was chosen as the primary gain calibrator for the data. The assumed flux densities for this source (Kühr et al. 1981) are listed in Table 1 , and take into account the changes recommended by Reynolds (1994) . This absolute scaling is accurate to within approximately 1 per cent.
The polarization calibrator chosen for these observations was 3C 138, which has an intrinsic polarization position angle of approximately 170Њ at each of the frequencies observed (Tabara & Inoue 1980) . Additionally, observations were made of the point-like H ii region 0605-063, to determine the level of instrumental polarization. Since this source is an H ii region, we expect its emission to be completely unpolarized, and hence any polarization observed in 0605-063 must be an artefact of the observing system. Based on observations of this source, the instrumental polarization was found to be Շ1 per cent at all frequencies.
Data reduction
The nod2 reduction system (Haslam 1974 ) was used throughout for processing the observations and producing the final images.
Individual scans were first assembled into maps of the Stokes I, Q and U signals, with each map composed of parallel scans. Each map was then carefully examined for interference, noise spikes, discontinuities or other problems. Orthogonally scanned maps were often compared to distinguish bad data from real structures. If affected pixels were found in areas of the maps containing simple structure, these were corrected by interpolation with adjacent values. Otherwise, the pixels were flagged out.
Appropriate baselines were calculated and subtracted from each scan, and each map scaled against the amplitude calibrator. Note that details of the baselining procedure are given by Duncan et al. (1995 Duncan et al. ( , 1997b , and need not be repeated here. The Stokes Q and U maps were then calibrated against the polarization position-angle calibrator, and each pair of orthogonally scanned maps combined. Note that, if a blanked region is combined with an area containing valid pixels, the valid data will appear in the output map.
Finally, the 4.8-GHz images were re-binned from equatorial to Galactic coordinates.
Instrumental polarization
When the telescope scans across an unpolarized source, of the order of 0.7 per cent of the received total-power flux is detected in polarized intensity. Indeed, the greatest defects in the Stokes Q and U images are caused by this instrumental polarization, with point-like sources exhibiting the distinctive 'butterfly' pattern (e.g. Spoelstra 1972; Duncan et al. 1997b) .
The final polarized intensity images have different instrumental polarization characteristics. First, the 4.8-GHz data has had instrumental polarization subtracted by the method described by Haynes et al. (1992) . Secondly, the instrumental polarization from the 2.4-GHz image has been subtracted using the technique of Duncan et al. (1997b) . Thirdly, the 1.4-GHz data are not corrected for instrumental polarization effects.
In all cases, the data have been blanked around regions which remain significantly contaminated by instrumental effects.
Appearance and morphology
The 2.4-GHz total-power image of the region surrounding the GC is presented in Fig. 1 . Although dominated by Sgr A, a number of extragalactic sources, bright H ii regions and supernova remnants (SNRs) are also visible, along with a considerable amount of extended, faint emission. Fig. 2 shows the polarized intensity images of the GC region at frequencies of 4.8, 2.4 and 1.4 GHz. Dominating these images is a large, mottled, polarized 'plume' or 'cap' located on the north side of the Galactic Plane. This is an extraordinary structure, unlike anything else seen in either the first or fourth Galactic quadrants (Duncan et al. 1997b (Duncan et al. , 1998 . The angular extent of the polarization is greatest in the 2.4-GHz image (Fig. 2b) , in which the polarized emission is seen to extend over 15Њ in Galactic longitude. Furthermore, Figs 2(a) and (c) show the bright, polarized emission to extend down to a latitude of b ¼ 0Њ : 5 and above the latitude limit of b ¼ 7Њ : 0, respectively. Furthermore, the 2.4-GHz image suggests the possibility of a similar structure on the south side of the Plane, near b ¼ ¹4Њ. This is not reflected in either the 1.4 or 4.8-GHz data, however.
Comparing the images at different frequencies reveals a number of interesting characteristics. Let us consider the 2.4-GHz image (Fig. 2b) first. In this figure, the brightest regions of emission appear rather mottled, with highly twisted vectors. The angular scale-size of this mottling varies across the structure, with the greatest degree of mottling evident on the edge closest to the Galactic plane (i.e. the smaller angular scale-sizes dominate in this region). Near the brightest areas, the characteristics of the polarized emission vary on angular scales of typically several beamwidths. As we move north from the plane, towards the latitude limit of b ¼ þ7Њ, both the polarized intensities and the degree of mottling decrease. In these high-latitude regions, the distribution of polarized emission is much smoother and the vector orientations more uniform. The 4.8-GHz image (Fig. 2a) exhibits similar characteristics. This figure is dominated by a bright patch of emission, located approximately 1Њ : 5 north-west of the GC. This bright region is almost completely depolarized at 2.4 GHz. Interestingly, an area of faint emission in the 4.8-GHz image, located approximately 2Њ : 5 north of the GC, is detected as a very bright feature at 2.4 GHz.
Examining the 1.4-GHz image (Fig. 2c) , similar characteristics are again evident. Here, almost all the bright structure visible at 2.4 GHz has been completely depolarized. All that remains are small, isolated patches of emission. Towards the north-east edge of the image, regions that appeared rather faint at 2.4 GHz now have a high surface brightness.
We note that little correlation exists between the polarized intensity data in Fig. 2 and the corresponding total-power emission. It is possible that some of the larger scale, diffuse emission (such as that seen in Fig. 1 towards high latitudes) is related to the polarized component, but it is clear that the polarized emission contains bright structure which has no counterpart in the total-power images. From this we conclude that most of the total-power emission associated with the polarized structure (Fig. 2) is very smoothly distributed, with angular scale-sizes of several degrees (or larger). The structure visible in the polarized emission is almost certainly produced by variations in Faraday rotations over the region. This view is supported by the observation that the polarized structures (Fig. 2) generally appear 'smoother' towards higher latitudes. If the mottling of the polarized emission is primarily as a result of Faraday rotation effects which decrease towards larger b, then this behaviour is to be expected.
We interpret these multifrequency data as follows. First, from Fig. 2 we know there to be a large amount of polarized emission in the vicinity of the GC, concentrated mainly (if not exclusively) at northern Galactic latitudes. This polarization appears to be produced by Faraday rotation effects, acting on more distant, uniformly polarized emission which probably emanates from the Galaxy's thick, non-thermal disk (Beuermann, Kanbach & Berkhuijsen 1985) . Regions of Fig. 2 which exhibit zero polarized emission (often appearing as thin, curving lines) correspond to areas where vectors of significantly different orientations meet (i.e. these features are primarily a result of beam depolarization).
At each frequency, the polarized intensities associated with the 'plume' structure are seen to decrease towards more northerly latitudes; that is, with increasing Galactic latitude. This implies a general decrease in the intensity of the uniform, background emission as we move towards higher Galactic latitudes, which is not unexpected. That the polarization (at any one frequency) appears generally 'smoother' towards higher latitudes is probably the result of changes in the structure and magnitude of the RMs.
The increases in polarized intensity at higher latitudes as we move to longer wavelengths is owing to the inclusion of more flux in the larger telescope beam areas. The almost complete absence of the bright regions from Fig 
Depolarizations
The absence of much of the brightly polarized emission from The distribution of depolarizations in the vicinity of the GC is shown in Fig. 3 . Here, the depolarization is defined as the quotient of the 4.7-and 2.4-GHz data (Fig. 3a) , and as the quotient of the 2.4-and 1.4-GHz data (Fig. 3b) . Note that the higher frequency images were convolved to match the resolution of the lower frequency data before division. Hence, beam depolarization effects have been eliminated, and the depolarizations evident in Fig. 3 are a result of changes in (differential) vector rotation with increasing wavelength. Fig. 3 (a), which shows the depolarization from 4.7 to 2.4 GHz, exhibits a mean depolarization of 7 over the plume region, and a maximum depolarization of approximately 25. By contrast, Fig.  3 (b), which shows depolarizations calculated from 2.4 to 1.4 GHz, shows generally lower depolarizations. This latter figure has a mean depolarization of 2.5 over the plume, and a maximum of approximately 12.
Noting the distribution of observing frequencies, and assuming a l 2 dependence for the rotation, it is clear that a vector seen at 2.4 GHz will appear to rotate much more when observed at 1.4 GHz, than if it were observed at 4.7 GHz (approximately three times more). In other words, the 1.4-and 2.4-GHz data are separated by three times the 'l 2 distance' that separates the 2.4-and 4.7-GHz data. Hence, for any given rotation measure, we would expect to see lower depolarizations in Fig. 3(a) , and higher depolarizations in Fig. 3(b) . In fact, the opposite is observed. This is strong evidence 946 A. R. Duncan et al. ᭧ 1998 RAS, MNRAS 299, 942-954 Figure 2 . Polarized intensity images surrounding the GC at frequencies of (a) 4.7 GHz, (b) 2.4 GHz, and (c) 1.4 GHz. The vectors superposed on each image show the orientation of the electric vector of the received radiation at each frequency. The length of the vectors is proportional to the polarized intensity at each point. The resolutions and rms noises of the images are listed in Table 1 ; the resolutions are also shown as small circles in the south-eastern corner of each image. The data are blanked wherever the polarized intensity falls below 3j. Additionally, areas surrounding Sgr-A and the bright H II complex near G353:2 þ 0:8 thought to be affected by instrumental polarization have been blanked, and appear as white rectangles. The grey-scale wedges are labelled in units of mJy beam area ¹1 . The maximum flux density associated with the plume is approximately 380 mJy beam area ¹1 at each frequency. that the RMs closer to the GC are considerably larger than those towards higher latitudes.
Rotation measures and magnetic fields
We have used the vector orientations at the different frequencies to calculate the Faraday rotation measures (RMs) and tangential magnetic field orientations of the emission (assuming that the rotation is proportional to l 2 ). Fig. 4(a) shows the distribution of RMs close to the GC, determined from the 4.7-and 2.4-GHz data. This figure shows that the areas of high depolarization (Fig. 3) correspond with those of large RM. Additionally, some isolated patches of large RM are seen to the south side of the plane. The largest square size corresponds to an RM of Ϯ140 rad m ¹2 . The most notable region of low RMs in Fig. 4(a) surrounds b ¼ þ2Њ : 5, and exhibits values up to approximately þ70 rad m ¹2 , and a mean of þ10 rad m ¹2 . Fig. 4 (b) details RMs calculated over a much larger area, using 2.4-and 1.4-GHz data, and also shows a good correspondence between large RMs and high depolarizations. This latter figure shows patchy, highly variable RMs over most of the plume region, with the largest square size corresponding to Ϯ52 rad m ¹2 . The orientations of the tangential magnetic field component associated with this plume emission are seen in Fig. 5 . In Fig. 5(a) a number of areas containing relatively uniform vectors can be seen, such as the low-RM region surrounding b ¼ þ2Њ : 5. The vectors coincident with the bright patch of polarized emission (Fig. 2a) appear more twisted. This general behaviour is also apparent in Fig. 5(b) , which again shows twisted vectors over brightly polarized regions and more uniform angles in fainter regions.
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Non-linear Faraday rotation
A section of the plume near b ¼ þ2Њ : 5 (see Fig. 4a ) was examined, searching for non-linear variations of vector angles with l 2 . This area was chosen because it is one of the few sections of the plume structure to show significant polarized emission at all three frequencies. Furthermore, the RMs derived for this area in Figs 4(a) and (b) appeared to differ significantly.
First, the 4.7-and 2.4-GHz data were used to estimate the RM and tangential magnetic field orientations (these are seen in Figs 4a and  5a) . These values were then used to predict the vector angles at a frequency of 1.4 GHz, assuming a linear variation of angle with l 2 . The predicted angles were then subtracted from the observed vector angles.
In the absence of any non-linear effects, the subtracted data should show no significant structure. By contrast, however, differences between the observed and predicted vector angles range from 0Њ to Ϯ90Њ over the region. If the depolarization is produced by multiple cells with differing RMs combining within the large (15 arcmin) beam, then large differential rotations between these regions (at least տ rad) can produce non-l 2 variations in polarization angle (e.g. Gardner & Whiteoak 1966; Burn 1966) . In particular, at low frequencies, the detected polarization will be dominated by regions of emission having a small spread of RMs. This is because regions with large variations in RM (and hence a large spread of rotations) will be more effectively depolarized.
Alternatively, the patch of polarized emission seen at 1.4 GHz may be produced in the foreground, in which case the vector orientations would be unrelated to those seen at higher frequencies. 
A southern plume?
During the 1.4-GHz observations, we had the opportunity to examine a small section of the plume region out to high Galactic latitudes. These observations were in the form of 10 scans, covering 1Њ : 05 of Galactic longitude, centred on longitude 357Њ : 48. The scans cover latitudes of jbj Յ 12Њ. Fig. 6 shows the mean polarized intensities (averaged over longitude) along the length of these scans. With the exception of a bright patch of emission centred on b ¼ ¹3Њ, the highest polarized intensities are seen near the ends of the scans. To the north side of the plane, the polarized intensities increase beyond b տ 8Њ, while to the south a similar increase is seen beyond b Շ ¹9Њ. The maximum polarized intensities observed in these regions are 260 and 330 mJy beam area ¹1 , respectively. Although little can be concluded from an area covering only 1Њ of longitude, the similarities in both the polarized intensities and the latitudes of the bright emission suggest the presence of a similar, polarized plume to the south of the plane.
The existence of a southern plume cannot be further explored without additional observations; nevertheless, this remains an intriguing possibility.
H I G H E R R E S O L U T I O N : T H E V L A
Several sections of the plume structure (which show bright polarized emission in the 2.4-GHz image) have been imaged with the VLA. These observations were obtained during high-resolution imaging of several new supernova remnants (SNRs) discovered as part of the Parkes 2.4-GHz survey (G356.2þ4.4, G358.0þ3.8 and G4.8þ6.2; see Duncan et al. 1997a ).
Observations and data reduction
The VLA is a synthesis radio telescope consisting of 27 parabolic elements, each of which is 25 m in diameter. Note that a more complete description of the VLA can be found elsewhere (e.g. Perley 1996 ). Our observations were made using the 'DnC' array configuration. This is one of the most compact configurations available on the telescope, and is particularly well suited to observing objects south of declination ¹15Њ.
The primary beamwidth of the telescope at 1.4 GHz is approximately 30 arcmin, which is considerably smaller than the areas of sky we wished to examine (of the order of 1Њ in diameter). This necessitated the use of mosaicking techniques (e.g. Cornwell 1994 ). The observations centred near G356.2þ4.4 and G4.8þ6.2 consisted of seven mosaic pointings each, covering areas approximately 50 arcmin in diameter, while the image centred near G358.0þ3.8 required 18 pointings, covering an area approximately 80 arcmin in diameter.
Data pertaining to the VLA observations is listed in Table 1 . Throughout the observations, two continuum channels were recorded. These were centred at frequencies of 1.385 and 1.465 GHz, with bandwidths of 50 MHz. The source 3C286 was used as the primary gain calibrator, with assumed flux densities of 14.94 and 14.55 Jy at the lower and higher frequencies, respectively. The source 3C286 was also used to calibrate the absolute polarization position angle, with an assumed angle of 33Њ. The phase calibrator employed was the source 1714-252. This source was found to have flux densities of 2.66 and 2.53 Jy at the lower and higher frequencies, respectively.
The initial stages of the data reduction were performed within the aips package (e.g. van Moorsel, Kemball & Greisen 1996) , and followed standard reduction procedures. These stages included: editing of the data; flagging of the shadowed baselines; gain calibration; polarization calibration; setting of the absolute polarization position angle, and splitting of the data into individual pointings. The remainder of the data reduction procedure was then performed within the miriad reduction package (Sault & Killeen 1997 ).
᭧ 1998 RAS, MNRAS 299, 942-954 For each area of sky, visibility data from all pointings were inverted to form the 'dirty maps' for each Stokes parameter. The resulting images were essentially linear mosaics of the separate pointings. The Stokes Q and U images, with which we are particularly concerned, were remarkably free of instrumental artefacts. Nevertheless, several iterations of a maximum-entropy deconvolution algorithm were applied (Sault, Staveley-Smith & Brouw 1996) using the 'maximum emptiness' measure, and the resulting images convolved with an appropriate restoring beam. Although not shown here, the total-intensity images were also deconvolved using a similar maximum-entropy technique.
The rms noises of the resulting Q and U images were approximately 0.23 mJy beam area ¹1 , with an image resolution of (47:9 × 43:1 arcsec 2 ) at position angle ¹4Њ : 6. The total-intensity images had an rms noise of approximately 0.7 mJy beam area ¹1 . The Stokes Q and U images were then combined to form the polarized-intensity and position-angle images.
Higher resolution insights
Polarized intensities and vector orientations
The polarized-intensity images from two of the observed fields are shown in Fig. 7 , along with the orientations of the polarization vectors (electric vector). The upper image shows the field centred on G356.2þ4.4, while the lower image shows that surrounding G358.0þ3.8. These figures are a mean of both the 1.385-and 1.465-GHz data.
These fields display quite complex structure in the distributions of both the polarized intensities and the polarization vector angles. The observations show bright, patchy, diffuse polarized emission, with intensities rising to approximately 5 mJy beam area ¹1 . The polarized patches are typically several beamwidths across. The distribution of these regions is not uniform over the field; e.g. in Fig.  7 (b) more bright regions appear to the north of the field centre than to the south.
Both these fields lie coincident with bright polarized emission, as seen with the Parkes telescope at 2.4 GHz (Fig. 2b) . Interestingly, the field centred near G4.8þ6.2 showed no bright, diffuse emission when observed with the VLA. In contrast to the fields presented in Fig. 7 , the only polarized emission visible over this latter field was directly associated with the G4.8þ6.2 SNR itself. This may be indicative of large-scale variations in the plume, with the diffuse polarized-intensities too faint to be detected over this region. We note, however, that no diffuse, polarized emission is seen over this area in the Parkes images (Fig. 2) , and so this may indicate that the G4.8þ6.2 field lies beyond the eastern edge of the plume.
Examining Fig. 7 further, we note that the vector orientations show a similar 'patchy' behaviour to the polarized-intensity variations. In general, the vectors exhibit quite uniform directions within each patch of emission, but change their orientations at the boundaries of the regions.
It is of interest to compare the images presented in Fig. 7 with the 325-MHz observations of Wieringa et al. (1993) . The Wieringa et al. data also show the presence of diffuse, patchy polarization, and we note that the general morphology of the structures appears quite similar. In particular, the fields presented in Fig. 7 most resemble the 'Cam' field of Wieringa et al., as the 'OH 471' region contains a prominent, straight filament which is unlike anything seen in our VLA data.
Examination of the total-intensity images corresponding to the polarization seen in Fig. 7 . The polarized intensities detected by the VLA observations presented here are larger than this by an order of magnitude. Noting that the Wieringa et al. observations imaged areas at much higher Galactic latitudes, where the intensity of the uniform, background polarized emission is presumably much less, this is not unexpected.
Rotation measures
By examining the vector orientations at both observing frequencies, an estimate of the rotation measures over the VLA fields can be obtained. Rotation measures across both fields of Fig. 7 have been calculated, and are shown in Fig. 8 . Here, a rotation of a vector by Ϯ90Њ corresponds to a RM of Ϯ315 rad m ¹2 . Fig. 8 shows some interesting structure in the RMs. Fig. 8(a) is dominated by several extended regions of large, negative RM, near the centre of the field. Fig. 8 (b) also shows several prominent regions, of both positive and negative RM. The RMs detected often rise above Ϯ250 rad m ¹2 ; considerably higher than the RM of Ϸ5 rad m
¹2
detected by the 325-MHz work of Wieringa et al. (1993) . The RM variations are probably indicative of a generally twisted magnetic field within the Faraday-rotating regions, which takes on a large range of orientations over the plume and is probably accompanied by a range of field strengths.
The high-RM patches evident in Fig. 8 generally correspond to areas of low polarized intensity (Fig. 7) . This correlation is shown in detail in Fig. 9 , which shows a scatter-plot of points from both regions examined with the VLA, detailing the polarized intensities as a function of RM. Each plotted point is an average over 4 × 4 pixels of the VLA images.
The correlation evident in Fig. 9 is quite striking. In particular, no large polarized intensities are detected in areas dominated by high RMs; these are only seen coincident with low RM regions. This clearly shows that substantial Faraday depolarization is occurring in the areas examined. The large spread of polarized intensities seen towards regions of low RM (Fig. 9) is an indication that differential Faraday rotation is not the only depolarization mechanism at work (there are also beam depolarization effects, for example).
The patches of RM seen in Fig. 8 have an angular size of the order of 15 arcmin. At the distance of the GC (8.5 kpc) this corresponds to linear sizes of the order of 35 pc.
D I S C U S S I O N
Multifrequency, polarimetric data from the Parkes radio telescope reveal the presence of a large 'plume' of polarized emission to the north of the GC. From the Parkes observations, this feature extends at least 15Њ in Galactic longitude, centred near l ¼ ¹3Њ, and probably 15Њ in latitude (see Fig. 6 ).
The single-dish data reveal large RMs and depolarizations, which vary across the plume in a patchy and amorphous manner. Higher resolution observations with the VLA show the patchy nature of this polarized emission to extend to angular scales of several arcmin. The VLA data also reveal large RMs, up to approximately Ϯ300 rad m ¹2 , over the regions of the plume observed. Neither the Parkes nor the VLA observations show correlations between polarized intensity and total power (or total intensity), indicating that the polarization detected is the result of Faraday rotation, on relatively small angular scales, of a more uniform, polarized background. Hence, the polarized emission is detected because of the presence of thermal, Faraday-rotating material. The Parkes data show the depolarizations and Faraday rotations to be stronger closer to the GC, which is suggestive of the GC region being the source of the thermal material. A smaller polarized 'spur' or 'plume' has been observed within 1Њ of the GC by a number of authors (e.g. Seiradakis et al. 1985; Tsuboi et al. 1986; Sofue et al. 1987; Haynes et al. 1992) . The kpc-scale radio feature described in this paper is possibly related to this smaller-scale spur. This small spur, which appears as a rather well-collimated, linear feature, may be acting to convey thermal material into the halo from the vicinity of the GC.
The recent g-ray results of Purcell et al. (1997) and Dermer & Skibo (1997) show the presence of a large 'plume' of g-ray emission, positioned approximately to the north of the GC. The latter authors interpret this emission as annihilation radiation produced by electrons and positrons, ejected from the vicinity of the GC, moving into the halo of the Galaxy. Dermer & Skibo (1997) identify this feature as centred near l ¼ ¹3Њ : 4 Ϯ 0Њ : 3, b ¼ þ7Њ : 2 Ϯ 0Њ : 3, and extending beyond b ¼ þ10Њ (z Ӎ 1:5 kpc). As the position and extent of the plume feature seen in the radio are consistent with the g-ray data, an association between the radio and g-ray plumes seems highly probable.
That we detect significant RMs from this object is rather unexpected. This is because, if the thermal material consists of a well-mixed combination of electrons and positrons, little net RM should be evident. There are several possible explanations for the observed RMs, however. For instance, the plume may carry an excess of one charge carrier over the other. In this case the observed RMs would be significantly reduced, but would not be zero. Instead of the thermal electron concentration hn e i alone, the RMs would then be related to the difference in concentrations of the electrons and positrons, namely hn e i ¹ hn p i.
Alternatively, the distribution of electrons and positrons within the plume may not be homogeneous, but instead rather 'clumpy'. In such a model, each individual clump is dominated by one charge carrier and so would exhibit non-zero RMs. Such clumps may appear similar to the regions of enhanced RM seen in Fig. 8 . Dermer & Skibo (1997) estimate a dispersion measure of the order of 50 cm ¹3 pc associated with the plume, several degrees above the Galactic plane. It is of interest to compare this with the RM measurements discussed in Section 3.2.2, to estimate the thermal electron/positron densities and magnetic field strengths within the plume.
The rms RMs over the fields observed in Figs 8(a) and (b), which lie near b ¼ þ4Њ, are 130 and 115 rad m ¹2 , respectively. The regions exhibiting larger RMs have means of approximately twice these values. The RM of a region can be expressed in terms of the mean (longitudinal) magnetic field strength hB l i and mean thermal electron and positron densities hn e i and hn p i, averaged over a distance L (pc), as RM ¼ 0:81hB l i ðhn e i ¹ hn p iÞ L assuming that B l (G), n e and n p (cm ¹3 ) are independent. As noted above, Dermer & Skibo (1997) estimate the dispersion measure to be
Combining the RM and dispersion measure data, and assuming first that hn p i is small compared with hn e i, we estimate hB l i Ϸ 3 G: Fig. 8 shows the signs of the RMs to change over the areas observed.
In the presence of either electrons or positrons only, this would be indicative of variations in the sign of the longitudinal magnetic field component within the Faraday rotating regions. However, as a mixture of both electrons and positrons probably exists, such variations in the sign of the RMs could be a result of concentrations of electrons or positrons within these areas. In either case, however, the magnetic field is probably quite twisted. Assuming the strength of the tangential field component is comparable to that of the longitudinal component, the mean magnetic field strength is then hBi Ϸ 4¹5 G: This is of the order of 3 times the field strength of the uniform component in the Galactic disk (e.g. Han & Qiao 1994) . However, because the value of hn p i is probably non-zero, this estimate of the magnetic field strength within the plume must be considered a lower limit.
It is also of interest to estimate the electron and positron densities within the regions of enhanced RM visible in Fig. 8 . In such areas, the RM values are generally of constant sign, and rise to Ӎ Ϯ 250 rad m ¹2 . The angular sizes of these regions are typically 15 arcmin, corresponding to a linear size of approximately 35 pc at the distance of the GC (8.5 kpc). Assuming a hB l i of 3 G within the regions, and also a thickness of Ӎ35 pc (comparable to their width) then the first equation gives a value for the mean electron/positron density of jhn e i ¹ hn p ij Ϸ 3 cm ¹3 : Note that, if the magnetic field strength in these regions is higher, this density may be somewhat lower than the value given above.
Interestingly, unlike the g-ray results, our data suggest the possibility of a similar plume structure to the south of the GC. This is also suggested by the bi-polar nature of the smaller radio 'spur' or 'plume' seen by other authors (e.g. Tsuboi et al. 1986; Haynes et al. 1992) . If this is the case, the amount of Faradayrotating material close to the Plane (jbj Շ 5Њ) is much less at negative Galactic latitudes than at positive latitudes. It is possible that the northern plume is currently active, and that the southern plume has been active at some time in the past.
Finally, we note that the kpc-scale plume structure discussed herein could be considered a low-energy analogue of some of the outflow phenomena seen in starburst galaxies (Hummel, van Gorkom & Kotanyi 1983) , such as NGC 4388 (Stone, Wilson & Ward 1988; Corbin, Baldwin & Wilson 1988 ) and the Circinus Galaxy (Elmouttie et al. 1998) , which show large lobe structures in a number of spectral regimes.
C O N C L U S I O N S
Polarimetric observations of the GC region with the Parkes and VLA radio telescopes have revealed a large 'plume' of polarized emission. This emission reveals the presence of Faraday rotating material, stretching above the GC region for distances of the order of 2 kpc. The RMs and depolarizations associated with the plume are large and highly variable, on angular scales down to a few arcmin, and generally decrease further from the plane and the GC.
VLA observations of several regions show patches of RM, approximately 15 arcmin in diameter, with values up to Ϯ300 rad m ¹2 . The VLA data clearly show Faraday depolarization occurring in the observed fields.
Parallels between the radio results and recent g-ray data (Purcell et al. 1997; Dermer & Skibo 1997) strongly suggest that the radio and g-ray plumes are in fact the same object, and hence that both electrons and positrons may be responsible for the observed Faraday rotation. The detection of large RMs suggests that the electrons and positrons within the plume are not well mixed, or else that the plume carries an excess of one charge carrier over the other.
These radio data present more insights into this intriguing object. We encourage further high-resolution radio observations of the plume, to investigate the magnetic field and particle distributions within the structure more fully. Such work will also assist in determining the origin of the electrons and positrons.
